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Median number of DIP and PIP joints with radiographic structural OA features and
clinical joint swel
Associations to BMLs (Odds ratio 95% CI)
Median (IQR)
affected joints
(range 0-8)
Univariate models *
(separate models)
Multivariate
model * (one
single model)
Osteophytes 3 (1-5) 4.9 (3.2-7.4) -
Joint space
narrowing
2 (0-4) 10 (4.2-23) 4.4 (2.2-9.0)
Erosions 0.5 (0-3) 4.1 (2.8-6.2) -
Cysts 0 (0-1) 2.9 (1.4-5.9) 2.5 (0.9-6.5)
Sclerosis 0 (0-0) 2.1 (0.6-6.7) -
Malalignment 0 (0-1) 3.1 (2.1-4.5) 2.1 (1.4-3.4)
Clincial soft
tissue swelling
3 (2-5) 4.7 (2.9-7.7) 2.6 (1.4-4.7)
* adjusted for age and sex
*Using generalized estimating equations to adjust for correlations between knees
within subjects
Sex-speciﬁc tertiles
of Thigh Muscle
Mass (g)
OR (95% CI) for
worsening whole
knee JSN
OR (95% CI) for
worsening TF
JSN
OR (95% CI) for
worsening PF
JSN
Men Highest, (n¼316) 1.50 (0.92, 2.45) 1.53 (0.92,
2.54)
2.41 (0.77,
7.47)
Middle, (n¼316) 1.33 (0.87, 2.04) 1.30 (0.83,
2.03)
1.40 (0.45,
4.34)
Lowest, (n¼316) 1.0 1.0 1.0
P for linear trend 0.1064 0.0975 0.1357
Women Highest, (n¼484) 0.87 (0.58, 1.32) 0.85 (0.55,
1.30)
0.98 (0.47,
2.05)
Middle (n¼485) 0.79 (0.55, 1.12) 0.71 (0.48,
1.03)
1.16 (0.63,
2.13)
Lowest, (n¼484) 1.0 1.0 1.0
P for linear trend 0.4748 0.4073 0.9786
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SEVERITY OF PATELLOFEMORAL JOINT DISEASE IS ASSOCIATED
WITH INCREASED FUNCTIONAL LIMITATIONS AND LOWER LIMB
IMPAIRMENTS IN PATIENTS WITH COEXISTING TIBIOFEMORAL
OSTEOARTHRITIS
S. Farrokhi, S.R. Piva, A.B. Gil, G.K. Fitzgerald. Univ. of Pittsburgh,
Pittsburgh, PA, USA
Purpose: Although the knee joint is comprised of both the tibiofemoral
and the patellofemoral joints, knee osteoarthritis (OA) has primarily
been viewed as a disorder of the tibiofemoral joint alone. Therefore, the
potential impact of coexisting patellofemoral joint disease has gone
largely unconsidered. As such, it is currently unclear to what extent the
severity of patellofemoral joint disease is associated with the symp-
toms, functional limitations, and lower limb physical impairments
attributed to knee OA. The purpose of the present study was to compare
the knee related functional limitations and lower limb physical
impairments between individuals with tibiofemoral OA who have
minimal patellofemoral joint disease and those presenting with tibio-
femoral OA who have more advanced patellofemoral joint disease.
Methods:Asecondaryanalysis of baseline data for 167 subjects (55men;
112 women) participating in a randomized clinical trial of exercise
therapy for knee OA was performed. Subjects were included in the
analysis if they met the American College of Rheumatology clinical
criteria for knee OA as well as having a Kellgren & Lawrence (KL) radio-
graphic grade of 2 or greater for tibiofemoral OA. Subjects with tibiofe-
moral OA were subsequently divided into two groups of minimal
patellofemoral joint disease (KL grade 0-2 for patellofemoral joint;
N¼96), mean age 63.89.1 yr, height 168.09.6 cm, body mass
84.219.0 kg, body mass index 29.86.4; or moderate to severe patel-
lofemoral joint disease (KL grade 3-4 for patellofemoral joint; N¼71) age
63.88.7 yr, height 167.89.3 cm, body mass 89.617.4 kg, body mass
index 31.96.1. The 24-itemWesternOntario andMcMaster Universities
(WOMAC)OA Index and the 14-itemActivities of Daily Living Scale of the
Knee Outcome Survey (ADLS) were used to gather information on pain
and limitations during performance of speciﬁc functional tasks. Pain and
functional limitations reported on the individual WOMAC and ADLS
items were then dichotomized as normal/mild or moderate/extreme.
The association of eachWOMAC and ADLS individual itemwith severity
of patellofemoral disease was examined by multiple logistic regression
adjusted for age and BMI. Additionally, independent sample t-testswere
used to evaluate between-group differences in quantitative knee
extension strength and knee range of motion.
Results: More severe patellofemoral joint disease was associated with
moderate/extreme limitations with going down stairs (OR ¼ 2.8; 95%
CI: 1.4 to 5.6) and kneeling on the front of the knee (OR¼ 2.6; 95%: CI 1.2
to 5.8). In addition, moderate/extreme pain with going up and down
stairs (OR ¼ 2.2; 95% CI: 1.1 to 4.0) was associated with more advanced
patellofemoral joint involvement. Patients with severe patellofemoral
joint disease also demonstrated decreased knee extension strength
(4.01.8 Nm/BMI vs. 5.01.8 Nm/BMI; p<0.001) along with more
pronounced range of motion limitations in Knee ﬂexion (126.810.9
vs. 132.910.3; p<0.001) and knee extension (-6.06.1 vs. -4.45.7;
p¼0.04).
Conclusions: Coexistence of moderate to severe patellofemoral joint
disease along with tibiofemoral OA appears to be associated with
increased pain and difﬁculty with negotiating stairs and kneeling, aswell as decreased knee extension strength and range of motion. Thus,
speciﬁc treatment strategies targeting the patellofemoral joint may be
needed if these speciﬁc functional problems and lower limb impair-
ments are to be mitigated. Further efforts on clinical recognition of
coexisting patellofemoral and tibiofemoral OA may be warranted.
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EVALUATION OF THE LONGITUDINAL RELATIONSHIP BETWEEN
THIGH MUSCLE MASS AND WORSENING KNEE JOINT SPACE
NARROWING
N.A. Segal 1, K. Wang 2, C. Findlay 1, J.C. Torner 1, M. Nevitt 3. for the
Multicenter Osteoarthritis Study Group1Univ. of Iowa, Iowa City, IA,
USA; 2Boston Univ., Boston, MA, USA; 3Univ. of California, San
Francisco, San Francisco, CA, USA
Purpose: Greater knee extensor strength has been found to reduce risk
for knee joint space narrowing (JSN) in women. However, this ﬁnding
could relate to muscle mass, muscle activation or antagonist co-acti-
vation pattern. The purpose of this study was to assess whether greater
thigh muscle mass confers protection against worsening of JSN of the
whole knee, tibiofemoral or patellofemoral compartments by 30-month
follow-up.
Methods: Multicenter Knee Osteoarthritis (MOST) study participants,
who underwent dual energy x-ray absorptiometry (DXA) at the Iowa
clinical site and who had an OARSI JSN score less than 3 at baseline were
included. Thigh muscle mass was calculated using Hologic body
composition analysis software by segmenting sub-regions of muscle in
each of the thighs on DXA images (Illustration in Figure). Sex-stratiﬁed,
knee-based analyses used logistic regression with generalized esti-
mating equations (GEE) to control for incomplete independence
between limbs within subjects. The effect of independent tertiles of
thigh lean mass as predictors of ipsilateral worsening of JSN in the
whole knee, tibiofemoral and patellofemoral compartments were
assessed, while controlling for age, BMI, and history of knee surgery.
Conﬁrmatory analyses were conducted using a validated formula that
corrects for error in DXA estimates of thigh muscle mass in thighs with
higher fat mass.
Results: A total of 514 men (948 knees) and 784 women (1453 knees)
were included. MeanSD age and BMI were 62.37.9 years and
30.05.0 kg/m2 in men and 62.57.9 and 30.46.0 kg/m2 in women.
11.3% of male knees and 8.1% of female knees had a history of surgery. At
baseline, 82.4% of male knees had tibiofemoral and 97.7% had patello-
femoral JSN scores of 0 or 1 and 81.8% and 94.9% of female knees
respectively had JSN scores of 0 or 1. Tertiles of thigh muscle mass in
men were {4525.4 - 6801.2 g, 6802.2 - 7697.1 g, and 7697.2 - 11139.5 g}
and in women were {2769.6 - 4472.7 g, 4475.1 - 5124.1 g, and 5126.5 -
8676.8 g}. In comparisonwith the lowest tertile, men and women in the
highest andmiddle tertiles of thighmuscle mass did not differ in risk for
whole knee JSN, tibiofemoral JSN, or patellofemoral JSN (Odds Ratios
Presented in Table). Results of conﬁrmatory analyses also did not
provide evidence for an association between thigh muscle mass and
odds for these JSN outcomes.
Conclusions: Although greater knee extensor strength was found to
reduce risk for progression of JSN inwomen in this cohort, greater thigh
muscle mass does not appear to confer protection against worsening
knee JSN. These ﬁndings suggest that rather than assessing the effect of
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reducing risk for progression of knee OA should assess the effects of
improving neuromuscular activation patterns.Ă
Table 1
Participant characteristics for each group
OA Overweight Healthy Weight
Age (years) 63.3 (9.7) 55.3 (8.9) 57.3 (10.2)
Gender (n, %)
Female 17 (57) 16 (53) 21 (70)
Male 13 (43) 14 (46) 9 (30)
Body mass index (kg/m2) 28.6 (3.6) 28.7 (2.6) 21.8 (1.8)
KL grade of OA severity (n, %)
Grade 2 11 (37) - -
Grade 3 9 (30)
Grade 4 10 (33)
WOMAC*
Pain (0-20) 7.6 (3.1) - -
Stiffness (0-8) 4.1 (1.6)
Physical Function (0-68) 26.0 (9.2)
Mean (SD) unless stated
*Western Ontario and McMaster Universities Arthritis Index - lower scores indicate
less pain/stiffness and better physical function
Table 2
Group means (SD) for Peak KAM, KAM impulse and KFM for each condition
Modiﬁed Shoes Control Shoes Barefoot
OA
Peak KAM (Nm/Bw*ht%) 3.73(1.30)* 4.02 (1.35)y 3.54 (1.27)
KAM Impulse (Nm.s/Bw*ht%) 1.17 (0.47)* 1.26 (0.48)y 1.10 (0.47)**
KFM (Nm/Bw*ht%) 3.62 (1.82) 3.53 (1.86) 3.50 (1.94)
Overweight
Peak KAM (Nm/Bw*ht%) 4.68(1.28)* 4.92 (1.37)y 4.14 (1.14)**
KAM Impulse (Nm.s/Bw*ht%) 0.97 (0.21)* 1.04 (0.21)y 0.90 (0.20)**
KFM (Nm/Bw*ht%) 5.22 (1.83) 5.02 (1.91) 5.21 (2.01)
Healthy Weight
Peak KAM (Nm/Bw*ht%) 4.36 (1.09) 4.54 (1.14)y 3.93 (0.98)**
KAM Impulse (Nm.s/Bw*ht%) 0.98 (0.22)* 1.06 (0.23)y 0.94 (0.22)
KFM (Nm/Bw*ht%) 4.94 (1.92) 4.83 (1.75) 4.94 (1.97)
*Signiﬁcant difference between unloading shoes and control shoes (p<0.05)
**Signiﬁcant difference between unloading shoes and barefoot (p<0.001)
ySigniﬁcant difference between control shoes and barefoot (p<0.001)13
EFFECTS OF MODIFIED SHOES ON PARAMETERS OF KNEE LOAD IN
INDIVIDUALS WITH KNEE OSTEOARTHRITIS AND INDIVIDUALS
WITH NO KNEE PAIN WHO ARE OF HEALTHY BODY WEIGHT AND
THOSE WHO ARE OVERWEIGHT
K.L. Bennell, C.O. Kean, T.V. Wrigley, R.S. Hinman. Univ. of Melbourne,
Melbourne, Australia
Purpose: Excessive knee joint loads play a role in the pathogenesis of
knee osteoarthritis (OA) and may contribute to symptoms of knee pain
in this patient group. Being overweight/obese may further increase
these loads and risk of developing OA. The foot is an integral component
of the lower limb closed kinetic chain and its position and motion
inﬂuence knee load. Because of this, shoes can increase or decrease
knee load depending on their design features. Previous research has
shown that many types of currently available shoes increase the
external knee adduction moment (KAM), a proxy for medial knee jointloading. Walking in footwear that elevates medial knee loads may place
people at risk of development or progression of knee OA. Custom-
modiﬁed shoes have the potential to lower the KAM. The purpose of this
study was to evaluate whether modiﬁed shoes which incorporate both
lateral wedging and a variable-stiffness sole can reduce the KAM in
three populations: 1) individuals with symptomatic and radiographic
knee OA, 2) overweight individuals with no knee pain and 3) healthy
weight individuals with no knee pain.
Methods: 90 individuals (30 per group) were recruited from the
community for this study (Table 1). Participants underwent 3-dimen-
sional gait analysis across three testing conditions in random order and
blinded to shoe type i) wearing themodiﬁed shoes, ii) wearing standard
recreational walking shoes (control shoes) and; iii) barefoot. Walking
speed during gait analyses was controlled to within 5%. For each
condition, ﬁve trials with clean single force plate strikes were collected
from the study limb. Peak KAM and knee ﬂexion moment (KFM) (Nm/
Bw*ht%), and KAM impulse (Nm.s/Bw*ht%), were determined for each
trial and averaged. Gait variables were compared across conditions and
between groups using mixed 3x3 ANOVAs. Tukey's post-hoc tests were
used to examine sources of signiﬁcant differences.
Results: Mean(SD) peak KAM, KAM impulse and peak KFM values for
each condition are presented in Table 2. There was a signiﬁcant shoe x
group interaction (p< 0.001). Post-hoc tests revealed that the modiﬁed
shoes signiﬁcantly reduced peak KAM compared to the control shoes in
both the OA and overweight groups. The reduction was approximately
8% in the OA group (p¼0.002) and 5% in the overweight group (p¼0.03).
In all three populations, the KAM impulse was signiﬁcantly reduced
compared to the control shoes by 7-9% (p< 0.001). In most cases, KAM
measures during both shoe conditions were signiﬁcantly higher
compared to barefoot walking (p< 0.01). The exceptions to this were
whenwearing the modiﬁed shoes, peak KAM in our OA group and KAM
impulse in our healthy weight group were not signiﬁcantly different
from barefoot. The KFM was not signiﬁcantly different across test
conditions for any participant group (p> 0.05).
